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feet of gas a t  a ressure of 1,800 pounds p r  square inch. 

ordinary balance or scale pan witIli n set, of metric! weight#s 
is used a t  ermanont stmations for accurnte work; for a 

weights. The chain is tied to the balloon nnd from the 
number of links support,ed the lifting >ewer is obtained. 

employed, the iden of which was originally due t,o Sergt . 
1st cl., E. R. Rycler, Signal Corps. It consist.s of .ti 
transparent celluloid protract,or, whose surface IS 
roughened in order to take a pencil mark, which rerolres 
about a pivot in a board covered wit,h cross-section 
pa1)e.r. The board is illustrated in figure 4. The metliocl 
of operatmion is as follows : By rotmating t,lie celluloicl 
protractor, set the aziniulh angle for tlie giwn rcncling 
on t,lie scaled reference line 0 111; set tlie arm 0 R at' t'be 
elevation angle rend on the quadrant protrnnt'or on t.he 
cross-section aper ; find the interseckion of the nlt,it.ucle 
cross-section [ne (as rear1 on the altit.uc1e reference line 
0 N) with the arm 0 R and follow alon the perpcii- 
diculur cross-section line to the reference Ene 0 M a.iic1 
inarlr the point. Tliis point i3 the horizontd ,projectmion 
of the location of the balloon for the given reading niid 
the horizontal distance froni start may be rend froiii the 
scaled reference line if clesirecl. This process is repentccl 
for eiich reacling niicl result,s in a series of oints which 

pat,h. To obt,ain tlie niet1.n wind direction between any 
two ,oints, set, t.he two points in questmion so that t.he.v 
lie n ! onv the cross-section lines parallel t.0 the reference 
0 M ;  t%e direcr.tion from which the wind blows is rend 
a t  Y in the units desired. The wind speed may niost 
conveniently he measured by nienns of a special scslo 
which reads the velocity directly in the units desired. 
The standard ty e of two-theoclolit,e boards is an adapt,ed 

(See fywe and discussion, by W. C. Haiiies ant1 R. A. 
Wells, elow.) Ballistic wind plobting mny ~ l s o  he done 
on the same board a t  the same time in niiy conrenient 
portion not in use for plotkin5 the balloon's course. 

Met,eorologidal observations on surfnce conditions are 
taken a t  S n. ni. and 8 p. m., 75tmh niericlinn time, and n t  
12 noon, local time, and whenever hnlloon ascensions 
are macle. Stnnclard Wenther Bureau prnctice is fol- 
lowed in the procedure. C'loudiness ol.)scr.cntions are 
macle every t'wo hours froiii G a. m. to 10 p. in. Regular 
balloon obsermtions are macle n.t S a. M. and 4 p. ni., 
75th meridian t,ime, antl whenever locn.11~- desired. 
When coiitinuous re ,arts on t,he wind aloft are required 

vnt,ions of ot,her chnrnc t.er are made w-lienerer desired by 
depmtmenta of the local posts. 

All of t;he niet,eorologicn.l work of t8he Aiinv has been 
done in the closest cooperation wit,li t,lie IT. s. Weather 
Bureau. The Weather Bureau furniahed all t,he instru- 
mental equipment, used bg the Militar Meteorological 

t,he Weat,lier Bureau and the counsel of the Chief of t8he 
Weather Bureau and his shff have slwavs been a r d n h l e  
to the Meteorological Section of the Signal Corps sild 
these have been used freely. Without this assist.nnce 
from the Weather Bureau the early acconiplis1iment.s of 
the Milit,asy Met,eorological Service in the 1rnit.ed States 
w-ould hare been of little consequence. 

The Meteorological Sert'ioii of the Signal C'or B was 
under t,lie general supervision of Lieut. col. R. A. &lliknii 
from t.he beginning o€ it,:: organization. during the war, 
aiid to Deceniber 31. 1518. and under t'he general suuer- 

For obt,aining t, 1 e lifting power of t,he pilot, balloon, an 

portable fie P cl outfit' a bronze chain is used with. nusiliary 

For single-theoclolit,e work a stanclar d . plotting board is 

detmniine the horizontal projection of t. P ie lmlloon's 

form o€ this sing F e board and possesses all its ac1vant.nges. 

ohservnt,iona are iiia J. e every t,hree or four hours. Obser- 

Service during the fiist few ~nont~hs, ant T t,he resources o€ 

Much credit is clue t,he enlist,ecl personnel for the work 
accomplished. hiany of t.li.ese men left' responsil)!e 
posit,ions tlo hecon-e prix-at.es in t,he Metemologicnl Serv- 
ice. Them ~ n e n  not only performocl fnitllifully t,lie work 
laid out for them bo do, but cleseloped new met'hods 
and clecices for doing the work. I t  is iinpncticnble to 
nien tion intlivicluals by nnme, becnnse of the large 
nmiibcr of ~ e i i  in the service \vho 1inx.e ncroniplis~~ecl 
work that would lirnlio tlieni worthy I :'. i ~i:i~enclnt~~oii. 
The personnel wcs mnde ~ i p  n-tmt! .. i . ' si dui i te  engineers, 
physicists., mnt,lie:iixt,iri;ii; , ..lici eniployecs of the 
T;l'e:xt.ber Burenu. 

It, slioulil be nnt,ecl tlint no meut.ion is macle here of 
orologicnl \ w r k  clone nt the nctmunl hnttle Iront 

in F~nnce. The Met.eorologica1 Sectioii of tlie Signd 
C'orya hnd, lioi\-e\-er, al-)outn 1.5 ofI-iceis and a.pprosimat.ely 
:i(jO ciilistetl nien :ill t,rilinacl in ineteorology aiid aeTolqgy 
at, t.lie front, antl it. is t1iou;ht hest bliat tlhe clescription 
of t.he ni:c.oml,lishrneiit~ of t,liis p h o n  of the Metooro- 
!ogical Section tic left to those who hr~1-e been engaged.., 
in the work o\-erms" 
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11 Now in preporslim lor u Mer issilt* or tlir RX.:\IE\\'.--F.II. 

vision of Lieut. COI. John C. Moore since that date. 
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The distance between stations A aiid B is 2,SOO ni., so that B ani1 point 2 are on the same vertical line, and 
which on the plotting board is as indicatecl on figu~~e 1 rend wind direction a t  c! from the celluloid protractor. 
(the scale on the ori!;hid being 1 cm. to 800 hi.). The For the end of the second minute set pohits 1 and 3 011 
method of findui~; horizontill rlist.nnccs, altitude, whit1 tlic same vertical line, ruid r e d  direction at C. T o  h i d  
directions, and velocitics is RS follows: the velocit-y a t  the end of the first ninute measure froni 

Set the celluloid protractor with Oo on station B. Sct A to point 3. l l i e  distance A to 3 is 63 nini. on the full- 
movable arm at 310O. From B follow line on aziniuth sizecl plott,ing board; 03 mni. is equirnlent to 1,260 m., 
looo. Where the 190° line meets thc protrwtor arm, the distance travelcd in 180 sec., or a t  a rate of 10.5 ni./s. 

The distance of point 1 from 11 is s l ~ o ~ ~ v r i  The same result ~roulil lirtve bceii ohtitinecl by dividing 
Bet niovd~lc. win 63 by 6. For the velocity n t  the elid OI the second 

at 30' on the wrt.icnl qiiailrnnt C!D (11s now placed). minute measure from 1 to 3, mid divide by 6. 'J%e 
Follow horizont.nl line froin 550 on scale AC to  win. smie method applies to nll minutes following. Obviously, 
Tlie altitude, which is niensiirecl by the distuncc+ cm tliis if tho direction is changiiia from niinutt! to niiiiute, the 
horizontal line, is shown by the s d e  to he 2Ui) 111. Tlie velocities so coiiiputeil will he soincwhnt too sinall. In 
same method of fini!ing horizon t . d  rljst.a.~icrs mil r i l  ti- practice, however, the results are sufficiently accurate, 
tudes applies to all other minutes.' T o  hid wiiill tlirec tion considering other soiirces of error. 
st the end of tlie first minute move the celluloid prutractor 

. 
y tlie scale on the ann to be 550 in. 

SOXE OBSERVED IBBEGULAR VERTICAL MOVEMENTS' OF PILOT BALLOONS. 

By Lielit,. I .  R.  TANNEHILL, Signal Corps. i l I~teorologi~~l  Service. 

[ixLtrd: H W ~  :I:~IICOC!;. N. J.. w,p 3n. I ~ I  

In  a quiet atmosphere the rate of as::cnt of n $ut he typirnlly rotqv, the balloon does not necessarily 
htilloon does not differ iiiat,erially from tliat coiiipti t,cd (ani1 prob:ihly mrcr1.v does) i n i ) ~ e  in a spiral with refer- 
from formula. For ordiiinry ]~urp~)ses i t  is a constiiil t ence to a point on the earth's sui-fnre-it seenis safe to 
rate.' When there is active convection, howcvor, there use tlie iryeg1arit.ies in the rate of ascent of pilot halloons 
~ 1 1 % ~  be irregularit.ies i n  the rnte of nsceilt miti the ;I.VOM\.SO as n.ii inclici~tion of vert i -d  air niovemc!it.s. 
vertical mn~!i:ie11 t of the Imlltmi may rliii'cr widcly f r o i n  It is the chject. of this pnper, then, to clisc.i!ss briefly the 
tllnt assuniccl. T;;ese rnriatimis froin tho cornpi ted r:Lf.e irregu1:irit.ie.s that. nro ol)serre(l in tlie tweiisional rate 
are due, undvuh teclly, to vcrticd Iiiuveiticrtits of tilt? tiir of pilot l.~:rlloons, partkdnrly l>c.nenth clouds, as indicut- 
and ning be t d x n  us n ineiisiire of upw~~rtl  uiicl tlownu-t~rd i1i.g vertical movements of the air. 
coniljouents of wind n~ovci~im ts. t ;Is to uuusual differences. the follt~miug is an illiis tra- 

When there are ascenc1iii.g air ccsliinms, there nuist he tion: On tTune 13! 1918, a t  1 2 0  p. in., ctt Fort Monroe, 
rcitnry niorei'uents in iiiting cases.* lJ1lt tiiese dl i r ls  do Vn., n pilot hdltmi wit!i an ns~ensional rate of 193 
not appear in the horizoiital prij.iect,itiii c l t '  t!ie l):ill(-mii's meters per minute from formula wns ohserved with two 
path, for this ,at!i sliows oi:ly the l ~ i l ~ \ ~ C l I l I ? l l ~  of tlie theodolit,cs to rise a t  nn avernge rate of 396 meters per 
balloon with re I erence to a point 011 t!:e eart!l's surf:ire iiiiiiute for fiw minutes before passing into H, cuiiiulus 
and the rotary nio t.ion ~\~oulil he siit'li with refercuce only cloud. This occurred with a fresh northwest wind, 
tc, the air .in the stretuiii in wliich the ljdlooii ddt,s.  teinperi..ture 23' C.. nud pressure 756 nun. In Table 1, 
If t!iere were n whirl under clmtl, the balluon wo:ild tlie rate of ascent of this hallooii is coniiinred with others 
iiiovc: in n srirsl with reference to tlie ( . lolid lmt r iot  wit!l leunched 011 June 13 :~nd 13, 191S, a t  Fort Monroe. 
reforeiice to n point oil tlie enrtii's surfwe, iiiilpss the 
cloud be stat,ion;iry. A flight gi\+ig n wnvy projer:t,io11 T A ~ L E  l.-€fejghts of pilot balloons ohsPriw2 with t ~ o  theodolites nt Fort 
wns replotted wit,li reference to t.he air, 11s suhtrcwtinq Monroe, T'a., June 12 aiid 13, 1318. 

the avernge wind movement (in both ni:ignitucle nnd direc- 
tion) from each bnllooii minute's movement. The result Date. I Time. 

- 

was a circular path, as espct,ed. It seeiiis that wlim -- -- i 
the ballooii is rising nt rt1t.e~ greot,er t~1l:IJl thiI.tm coiiiptcd J";;::," :$:::: I ;;!:,9.,";:::: 
such unusual iiiotion is evidenced by R wavv prc\jw:tioii. 

Tlie wvliirls whicbIi ai? mtr in ttie Imkiitid projavtious 
of the patlis of pilot h d  ll oo~ls seein to he wiiii-h iii :ilii)t,!:er 
S B I I S ~ . ~  In these cases tliere seeins to be a strnight wind 
at level, yet t,rtlloOll llloves ill a spiral col,rse 
l)ecnuse it rises tlirougli strata with vt~rioiia wind II~OTC- 

cDscs t..lat tl.,e l,a~~lloll K.uultl ,llC,Ve ill :I wjLirl if it llicl 
not rise. 

For retIsons--(l) tllat tllo bullooll rises in c!3,ic?t 
ntiiiosphere n t  n rnte n-1iic.h is nearly constnnt :uid C?,I 
thtit nltliougli coiivec tioiial niovcnient.s of the rtir m ~ j *  

In coluiniis lieatled I , 3,  3, etc.,. is shourn the height of 
tlie balloon a t  tlie end of each niiiiut,e. Column headed 

headed "1) " gives the actuiil average rate taken from the 
height of the Idloon nt time of last reading with both 
tlieodolitea. Heights are in nleters and rates of ascent in 
inet,ers per minutme. 
t,llere It is apparent from an inspection of tliis table that 

. ll>ca,l , st,rol~g Fert,icitl mo\-el l~en~ durin the 
dtcriioon of the 19th and t,he day of the 13th. &ere- 
fore, this plienonienal rate of ascent of one pilot balloon 

1). ni., tlie same clay, one hour and 
nlloon was launched which rose very 

11p11tsm It (lops llot Seen1 likely fro111 ;I stllcl.v of su,.li ' 'a ' :  gires tile co~111)~tecl rate fro111 formula alld columll 

I See pp. 211-212. nlmre. 

Ute) wm e\-i&ntly clue to atnlospheric 

11 t,he table. During the seconi1 and 
-- 


